A nuclear polyhedrosis virus (NPV) strain from Spodoptera exempta (SeMNPV-25 baculovirus) is a restriction endonuclease DNA map variant similar to Autographa californica NPV (AcMNPV baculovirus). Fourteen restriction endonuclease variants were identified and isolated from a SeMN PV baculovirus stock with 12 of the variants found at low frequency (<3~). The DNA from each variant was compared to the prototype SeMNPV-25 for insertions, deletions and new restriction sites. Regions of variation were defined on the prototype SeMNPV-25 genome, and the nature of the variation within these regions was determined. These data are discussed and compared with the existing data on other variants of AcMNPV. A comparison of the physical maps revealed that all the SeMNPV variants were different from those reported for AcMNPV. Although the SeMNPV variants were distinctive, they were clearly genomic AcMNPV variants. The regions of the baculovirus genomic variation were identified, and three separate mechanisms are suggested for their generation. Five regions (hrl to hr5) were associated with intragenic homologous viral sequences, five regions (vI to viii) may be associated with the insertion of DNA sequences of cellular origin, and two regions (pI and pII) were associated with mutations resulting in the addition or loss of a PstI site. Physical maps were generated for SeMNPV variant regions vI, hr2, vii and viii.
INTRODUCTION
Restriction enzyme analyses of baculovirus DNAs have detected genomic variation in baculoviruses isolated from nature (Lee & Miller, 1978; Miller & Dawes, 1978; Smith & Summers, 1978 , 1979 Miller et al., 1980; Tweeten et al., 1980; Knell & Summers, 1981) . These variants have been identified by the presence of submolar fragments in agarose gel profiles of viral DNA restricted by enzymes. Miller & Dawes (1979) constructed a physical map for a virus isolate from Autographa californica (AcMNPV-L1 baculovirus), and they located five regions of genomic variation. Smith & Summers (1979) constructed physical maps for five AcMNPV variants, for Trichoplusia ni NPV (TnMNPV), and for Galleria mellonella NPV (GmMNPV). Brown et al. (1984) have constructed a site-ordered physical map for a NPV isolate from Spodoptera exempta which was shown to be a genomic variant of AcMNPV. Maruniak et al. (1984) have also constructed a site-ordered physical map for a NPV isolate from S. frugiperda (SfMNPV-2 baculovirus), and they identified genomic variants which mapped to four specific regions of the SfMNPV genome. These findings suggest that baculoviruses in nature are heterogeneous populations of variant genomes. Although little is known regarding the frequency of the genomic variants or their biological significance, their existence lends credence to the suggestion that they may serve some role in the biology of this system.
In this study, SeMNPV baculovirus genomic variants were identified, isolated, and plaquepurified to produce virus stocks. The SeMNPV genomic variants were analysed by restriction s.E. BROWN, J. E. MARUNIAK AND D. L, KNUDSON enzymes and agarose gel electrophoresis. The locations on the physical map of the prototype virus (SeMNPV-25) where variation occurred were determined, producing physical maps for the variants. These results are compared with the existing literature on other AcMNPV genomic variants.
METHODS
Cell lines. S. Jrugiperda (IPLB-SF-21AE) and T. ni (TN-368-AMC 1) cell lines were maintained in 150 cm z flasks in BML/TC-10 medium (Knudson & Tinsley, 1974; Knudson & Buckley, 1977) .
Viruses. The SeMNPV was isolated from diseased, field-collected S. exempta larvae from Kenya (Harrap et al., 1977) . Virus stocks were grown and prepared as described by Knudson & Tinsley (1974) . The stock of SeMNPV was initially passed three times in IPLB-SF-21AE cells .
Plaque purification and endpoint dilution assay. The virus was either plaque-purified in TN-368-AMC1 or IPLB-SF-21AE cells. If TN-368-AMC1 cells were used they were seeded at 6 × l0 s cells in 35 x 10 mm dishes (Costar) 1 h before the assay. The plaque assay procedure of Knudson (1979) was followed with modifications as described elsewhere . Endpoint dilution assays were done in microtest plates as described by Knudson (1979) .
Viral DNA purification and labelling of DNA. The viral DNA was extracted from virus-infected cell cultures following a protocol described previously . The viral DNA was either labelled in TN-368-AMC1 cells or in IPLB-SF-21AE cells, or nick-translated as described elsewhere .
Restriction enzyme digestion of DNA and agarose gel eleetrophoresis. Purified viral DNA -d, aS cut~ restriction enzymes according to standard protocols recommended by the company supplying the enzyme. The restriction enzymes used in this study were BamHI, BstEII, EeoRI, HindIII, KpnI, PstI, SmaI and SstIl (Bethesda Research Laboratories) . The procedures used for the restriction enzyme digestion of the DNA have been described . The agarose gel electrophoresis procedures were those of McDonnell et al. (1977) as described by Maruniak et al. (1984) . The procedures used for determining the molecular weights of the digested fragments have been described Brown et aL, 1984; Holford et al., 1985) .
RESULTS AND DISCUSSION

Isolation and identification of variant genomes
SeMNPV was plated in IPLB-SF-21AE cells, and 110 plaques were picked (Table 1) . The 110 plaques were replated in TN-368-AMC1 cells, and 109 of the 110 plaques were recovered. The plaques were screened using the two restriction enzymes HindIII and EcoRI. Initially, 10 different variant patterns were observed among the viruses tested. The variants were passed ten times in TN-368-AMC1 cells to produce a working stock of each variant, except for variants SeMNPV-109 and SeMNPV-25. Variant SeMNPV-109 was passe d nine times in TN-368-AMC1 cells. SeMNPV-25 was the only virus plaqued both times in IPLB-SF-21AE cells, and it was passed four times in IPLB-SF-21AE cells. After the production of viral stocks, the restriction enzyme analyses using HindIII and EcoRI were repeated. The variants were all plaque-purified again in IPLB-SF-21AE cells, and three plaques were picked from each variant. The variants were passed two additional times to increase the virus titre.
Variant frequency
Since 14 distinct profiles were observed by HindlI! and EcoRI (Fig. 1) of the final 71 plaquepurified stocks, four of the original 10 clones were mixtures which were resolved by the plaque purification procedure yielding additional variants (Table 1, designated by the letter A). The percentage of the virus population that each variant represented was calculated by the number of times the variant pattern was observed out of a total of 71 viruses screened (Table 1) . SeMN PV-25 which represented 57.7 ~ of the virus population according to HindlII analysis was designated the prototype virus . Twelve of the 14 variants were present in the viral stock at a low frequency (< 3 ~). Thus, the low frequency of the majority of the genomic variants in the stock virus demonstrates the necessity of analysing a large number of plaquepurified viral clones.
Physical maps of the SeMNPV genomic variants
Since the physical map of the prototype SeMNPV-25 has been reported previously where SeMNPV-25 DNA was demonstrated to be a genomic variant of AcMNPV-E2 (Fig. 2) (Brown * One-hundred and ten plaques were picked, and 71 plaque-purified progeny were recovered which permitted restriction endonuclease analysis.
J" SeMNPV-25 represents the prototype virus . 6.7 7-2 3 + 3 + 4+ * Supernatant fluids of plaque-purified stocks titrated in the two cell lines using an endpoint dilution method (Knudson & Tinsley, 1974) . Wells which were infected with a high multiplicity of virus were examined visually for polyhedra production.
~ Polyhedra production and c.p.e, were scored visually on a scale from to 4+ relative to SeMNPV-25 and, thus, there may be no difference in adjacent values.
:~ C.p.e., Cytopathic effect of the virus on the cell line. § SeMNPV-25 represents the prototype virus . et aL, 1984) , the six different restriction enzyme profiles of each variant were compared to the corresponding six restriction enzyme profiles of the prototype virus. The variant profiles were analysed for insertions, deletions and extra sites. All the SeMNPV DNA genomic variants which were detected mapped to five regions on the SeMNPV-25 map (Fig. 2, with the circular genome represented in map units. The two outer circles locate regions of genomic variation. The inner of these two circles depicts the regions of intragenic homologous viral sequences for SeMNPV-25 as solid bars (Table 3) following the nomenclature of Cochran & Faulkner (1983) . The outer circle depicts the location of the regions of genomic variation for SeMNPV-25 and its genomic variants as well as for other AcMNPV genomic variants (Table 3) , with solid bars indicating intragenic homologous viral sequences (hrl to hr5) and open bars indicating either vl to viii regions which may acquire cellular host DNA sequences or pI or plI mutations which result in an addition or loss of a PstI site.
Growth of variants in cell lines
Extracellular virus of the prototype SeMNPV (SeMNPV-25) and the variants of SeMNPV were titrated in two invertebrate cell lines, IPLB-SF-21AE and TN-368-AMC1. No significant differences were detected in the titre of extracellular virus between the variants in each cell line, or for each individual variant between the two different cell lines (Table 2) . However, the number of polyhedra per cell produced by some of the variants was different in the two cell lines (Table 2 ). For example, variant SeMNPV-95A produced a normal level of polyhedra in IPLB-SF-21AE cells, but fewer polyhedra in TN-368-AMC1 cells. More polyhedra were produced per cell by the variants in IPLB-SF-21AE cells in all but two instances, SeMNPV-21 and SeMNPV-54. Correlations could not be made between the genomic changes in the two variants, SeMNPV-21 and SeMNPV-54, and this phenotypic expression. . The differences between SeM N PV-25 and AcMN PV-E2 have been detailed elsewhere , and they are represented in this table (see insect isolate AcMNPV-E2).
t Regions of variation on the SeMNPV-25 genome ( Fig. 2 and 3) ; where pl and pll are regions with PstI sites, hr2-5 are regions with intragenic homologous viral sequences, and vl Ill are regions with insertions and/or deletions. Although the regions hrl and hr5 are not listed, they represent regions of intragenic homology which have been described elsewhere (Burand & Summers, 1982; Cochran & Faulkner, 1983 following the nomenclature of Cochran & Faulkner (1983) ~. Site position on SeMNPV-25 map. § ?, Insufficient data to locate position on map. II Location of the region in map units on SeMNPV-25 map 'i Size of the region in kilobase pairs (kbp) on SeMNPV-25 map ** Insertion (+) or deletion (-) in kbp relative to SeMNPV-25. ~-~-Insertion 1+) or deletion (-) of a restriction enzyme site: B, BamHl: E, EcoRl: H, Hind l I l: P, Pstl. . +++ Virus derived from insects and data from several reports (Lee & Miller, 1978 : Smith & Summers, 1978 , 1979 Miller & Dawes, 1979; Miller et al., 1980 : Cochran et al.. 1982 § § ND, Data unavailable. IIII May be in or near region pll. ¶l ¶] Additional site located between 8.5 20.0 map units which may be located in regions vl or hr2. *** Additional site in BarnHI fragment (I 1.0 77.3 map units). ttt Insert may be located between 0 2.9 map units. ++++~ Plaque-purified stock serially passaged in TN-368 cell line (Miller & Miller, 1982) . § § § Plaque-purified stock serially passaged in TN-368 cell line (Burand & Summers, 1982) . JIJJJJ Plaque-purified stock serially passaged in TN-368 cell line (Fraser et al., 1983). produced by the variants in any particular cell line was approximately 25 to 100~o when compared to the prototype virus, SeMNPV-25. Again, correlations could not be made between the regions and the amount of polyhedra produced.
Comparison of AcMNPV genomic variants
Physical maps for additional isolates of AcMNPV (AcMNPV-L1, AcMNPV-E and AcMNPV-HR3) have been reported (Miller & Dawes, 1979; Lubbert et al., 198t ; Cochran et al., 1982) . Comparisons between AcMNPV-E2, AcMNPV-HR3 and AcMNPV-L1 were made and reported previously (Cochran et al., 1982) . Since the differences between AcMNPV-E2 and SeMNPV-25 have been reconciled (Fig. 2, Table 3 ) , SeMNPV-25 and its genomic variants and the reported AcMNPV variants were compared (Table 3) . Since profiles of the other AcMN PV variants restricted with all of the enzymes used to map SeMNPV-25 were not available and a PstI profile was available only for AcMNPV-E2, AcMNPV-HR3 and AcMNPV-L1, this summary of AcMNPV genomic variants (Table 3) represents our estimate based upon the existing literature.
Twelve genomic variants of AcMNPV which were derived from insects were compared to SeMNPV-25. The genomic variations detected in AcMNPV insect isolates were located in regions vI (17 to 18 sites, 8.5 to 11.0 map units), hr2 (26 to 28, pI (36, hr3 (60 to 61, 52.7 to 53.4), vIIa (62 to 66, 58.9 to 63.7), hr4 (75 to 76, 70.0 to 71.5), pII (80 to 81, 76.2 to 77.3) and vIIb (90 to 93, 84.1 to 86.2) on the SeMNPV-25 map. The regions which SeMNPV variants and AcMNPV variants have in common are regions vI, hr2, and other changes were found at or very close to region pII (Fig. 2, Table 3 ). Nine of the 12 variants have an insertion compared to the SeMNPV-25 genome in region hr3 (60 to 61, 52.7 to 53.4). Seven of the 12 variants have a deletion in the SeMNPV-25 region hr2 (26 to 28, 18.3 to 20-0) . Although none of the 12 AcMNPV variants was identical to any SeMNPV genomic variant, these data demonstrate that SeMNPV-25 and its associated variants are clearly related to AcMNPV. All of the variants of SeMNPV when compared to SeMNPV-25 contained insertions with no apparent deletions, and nine variants had an additional PstI site (region pII). The isolation of 12 variants of AcMNPV and 14 variants of SeMNPV which contain similar regions of variation may suggest a specific mechanism(s) in their generation.
Serial passage of AcMNPV-L1 in cell culture resulted in an insertion in HindIII fragment K (region vIIb) of a copia-like cellular insert which exhibited properties of a transposable element with reiterated ends (Miller & Miller, 1982) , and the virus also produced a reduced amount of polyhedra per cell. However, region vIIb (90 to 93, 84.1 to 86.2) did not correspond to any of the SeMNPV variant regions (Fig. 2, Table 3 ). Serial passage of AcMNPV and GmMNPV baculoviruses in cell culture also resulted in the acquisition of cellular sequences (Fraser et al., 1983) , and the cellular inserts which ranged from 0.8 to 2.8 kbp were mapped to HindIII fragment I which corresponds with the vii region (Fig. 2, Table 3 ). Likewise, it was suggested that the insertions correlated with a lower production of polyhedra in infected cell cultures. Preliminary data (S. E. Brown & D. L. Knudson, unpublished results) have also demonstrated the acquisition of cellular DNA sequences, and these have been associated with the regions vI, vii and viii. Burand & Summers (1982) passaged AcMNPV-E2 in TN-368 cells, and they isolated plaque-purified viral clones which contained homologous viral sequences. These mapped to region hr2 (26 to 28, 18.3 to 20.0) and hr3 (60 to 61, 52.7 to 53.4) (Fig. 2, Table 2 ) which represent two of the five regions (hrl to hr5) described by Cochran & Faulkner (1983) and Brown et al. (1984) . However, normal levels of polyhedra production were observed after 30 passages.
There may be three separate mechanisms involved in the generation of variant genomes. Since regions hrl to hr5 have been associated with intragenic homologous viral sequences (Burand & Summers, 1982; Cochran & Faulkner, 1983; Brown et al., 1984) , the variation observed may be due to the insertion of viral sequences some of which may be reiterative. Regions vI to viii represent areas of the genome which may acquire insertions of cellular sequences (Miller & Miller, 1982; Fraser et al., 1983 ; S. E. Brown & D. L. Knudson, unpublished results) . The acquisition of cellular sequences has been associated clearly with serial passage of s.E. BROWN, J. E. MARUNIAK AND D. L. KNUDSON the virus in cell culture. Likewise, reductions in the amount of polyhedra produced per cell have been correlated with in vitro passage of virus. Whether these phenomena 0nly occur in vitro, and not in vivo awaits demonstration. Mutations in regions pI and pII result in the addition or loss of a PstI site, Thus, the duplication of viral sequences, the insertion of cellular sequences and point mutations may represent at least three mechanisms which account for the observed baculovirus DNA restriction endonuclease polymorphism. The results presented here (Table 3 , Fig. 2 ) correlate generally with the variant map presented by Miller (1984) . However, Miller's assignments suggest that genomic variation occurred throughout the baculovirus genome. While this may be the case for point mutations, these data suggest that there is specificity in the location of the hr and v regions.
Although genotypic and phenotypic variants have been isolated from a number of baculoviruses, there have been no clear causal relationships established between these observations (Hink & Vail, 1973; Ramoska & Hink, 1974; Hink & Strauss, 1976; Knudson & Harrap, 1976; Potter et al., 1976 Potter et al., , 1978 Lee & Miller, 1978; Miller & Dawes, 1978; Smith & Summers, 1978 , 1979 Miller et al., 1980; Tweeten et al., 1980; Wood, 1980; Knell & Summers, 1981 ; Fraser & Hink, 1982) . A comparison of the variants of SeMNPV and the other AcMNPV variants might help determine the biological significance of the genomic variant regions. These analyses of the SeMNPV genomic variants have provided information about the nature of variation existing among baculoviruses, and has demonstrated that specific regions of the viral genome are associated with their genesis. These findings are not without precedent. For example, the SfMNPV baculovirus genomic variants also mapped to specific regions of the viral genome . The evidence of insertion sequences of cellular origin (Miller & Miller, 1982 
